DC and AC performances of a GaAs/InGaAs/AIGaAs negative resistance field-effect transistor (NERFET) are demonstrated by molecular beam epitaxy (MBE) for the first time. The negative differential resistance (NDR) resulted from the observation of the hot electron real space transfer effect in InGaAs channel. By Hall measurements, the structure shows carrier mobility as high as 4300 (13500) cm2/v-s at 300 (77)K, which is suitable for high frequency operation. For DC performance, the largest peak-to-valley current ratio of the device is about 5 at room temperature. For AC performance, S-parameter measurements of high frequency and microwave characteristics indicate a projected maximum frequency of oscillation of fmax=2.7GHz and a current gain cutoff frequency (fT) occurs at 1.8GHz.
INTRODUCTION
Negative resistance field-effect transistors (NERFET) are a three-terminal transistor based on the effect of real space transfer (RST) of hot electrons, When the heating voltage, V DS, is applied between source and drain electrodes, the emitter electrons are accelerated and become hot. If bias is sufficiently large, electrons may have enough energy to spill over the potential barrier and transfer to the collector (substrate) terminal. The device exhibits an NDR in the source-drain and an efficient control of the injection current by the drain voltage.
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Recently, most of the efforts have been made on DC characteristics of A1GaAs/GaAs structure, 4 however, the investigation of AC characteristics are still rare in the literature. Considerable interests have been attracted in finding the small-signal circuit and frequency characteristics in order to improve device performance.
In this work, we use GaAs/InGaAs/A1GaAs-based material to characterize the DC and AC performances of RST. The use of InGaAs channel provides potential applications for optoelectronic integrated circuits and high-speed microwave devices in light of its F-to-L valley separation, high mobility, and large peak electron velocity.
EXPERIMENTAL
The cross-section of the studied GaAs/InGaAs/A1GaAs RST devices grown by MBE is shown in Fig. l(a) the formation of a positive feedback loop that makes the device switch.
The largest peak-to-valley current ratio at 300K is about 5. As the VDS becomes larger than about 12V, electron flow from the substrate to the drain becomes dominant and the drain current rises. This is the so-called NERFET operation. ID-VDs and Isul:,-VDs characteristics for Vsub=8V at room temperature are also shown in Fig.4 . Fig.4 is also taken at the same condition as in Fig.3 . As the VDS increases, the Isut, begins to increase with VDS starting at about 2V. The large increase in Isul, indicates a significant transfer of channel electrons. Above 12V, the Isu/: decreases, which agrees with the increase of I D shown in Fig.3 . AC characteristics are implemented by on-wafer measurement with low-inductance Microtech Cascade probes and calibration standards. The RST transistors are operated in a common-source configuration with the input signal applied to the drain and the output signal measured from the substrate. All studied RST transistors are measured by a HP87210A network analyzer with the frequency range from 130MHz to 10GHz after the standard calibration process is finished. From S-parameter measurements, a projected maximum oscillation frequency (fmax) of 2.7GHz and unity current gain cutoff frequency (fT) of 1.8GHz are indicated in Fig. 5 
